We report the first demonstration of millijoule-level pulses and milliwatt average power from a table-top soft x-ray laser. Laser pulses with energy up to 1 mJ were generated at a wavelength of 46.9 nm by single pass amplification in a 34.5 cm long Ne-like Ar capillary discharge plasma. The large gain-length product of this plasma column allows for soft x-ray amplification in a highly saturated regime, resulting in very efficient energy extraction. An average laser output pulse energy of 0.88 mJ (> 2x1014 photons/pulse) and peak power of 0.6 MW were obtained at a repetition rate of 4 Hz, while the energy of the most intense pulses exceeded 1 mJ. The average power obtained was 3.5 mW, the highest reported to date for a table-top soft x-ray laser.
soft x-ray laser.
The set up was similar to that used in our previous experiments [ 11. The capillary dischargepumped laser occupies an area of approximately 0.4 m x 1 m on top of a table, a size comparable to that of many widely utilized visible or ultraviolet gas lasers. The excitation current pulse was produced by discharging a water capacitor through a spark gap switch connected in series with the capillary load. The capacitor was pulse-charged by a compact Marx generator. The experiments were conducted ceramic capillaries 3.2 mm in diameter filled with preionized Ar gas at an optimized pressure of s 460mTorr. The plasma columns were excited by current pulses of =26 kA peak amplitude . Figure 1 shows the average laser output pulse energy obtained utilizing capillary plasma columns of 16,25 and 34.5 cm in length. The laser average output pulse energy was measured to increase from 0.075 mJ for a plasma column 16 cm in length, to 0.88 mJ for the plasma column 34.5 cm in length. Estimates of the laser intensity based on these energies and on the pulsewidth measurements discussed below indicate that the saturation intensity of 56-78 MW cm-' [2] is exceeded before the end of the 16cm capillary, and that the output of the longest capillary exceeds the saturation intensity by more than an order of magnitude, approaching 1 GW/cm2. Figure 2a shows the shot to shot variations of the measured laser output pulse energy and corresponding laser average power for the 34.5 cm long discharge operated at 4 Hz repetition frequency. The data corresponds to 100 seconds of uninterrupted operation of the laser. The solid shows that the average laser power is about 3.5mW, corresponding to > 8 x1014 photons per second. Figure 2b shows that the average laser output energy per pulse is 0.88 mJ and that the energy of the highest energy pulses exceeds 1 mJ. More than 5000 laser shots were obtained from a single capillary.
A typical laser output pulse corresponding to the 34.5 cm long amplifier is shown in figure 3 . The full width at half maximum of the laser pulse is determined to be 1.5 +/-0.05 ns by correcting the measured pulse for the limited bandwidth of the detection system. This laser pulse-width is longer than the 1.2 ns that we measured for an 18.2 cm long amplifier [ 11. The increase of the laser pulse-width is the result of the increased transit time of the radiation through the amplifier. Taking into consideration this pulse-width, the average peak laser output power obtained with the longest plasma column is estimated to be = 0.6MW. The far field laser output intensity distributions corresponding to the three capillary plasma lengths of figure 1 were measured using a phosphor screen and a CCD array detector. In all cases the beam profile has a ring shape that is the result of refraction of the rays by plasma density gradients in the plasma column [3] . Figure 4 shows cross sections of the output intensity patterns. The measurements are an average of five consecutive laser shots. The peak to peak divergence is about 4.6 mrad in all three cases. The beam profiles are similar for all amplifier lengths, with slightly more pronounced peaks for the longer plasma column lengths. The similitude of the profiles is a consequence of the waveguide nature of the amplifier column. The combination of gain guiding and refiaction anti-guiding determines the intensity distribution [4] , that for the plasma column length of 16 cm is already converging to that of the eingen-mode of the waveguide. From the measured laser beam parameters reported above for the 34.5cm long amplifier, and assuming a beam diameter of 3 0 0~ at the exit of the laser, the peak spectral brightness of this laser can be estimated to be ~5 ! 1x10 23 photons/ (s mmz mrad2 0.01 %bandwidth). This value makes this Cross sections of the far-field laser intensity distribution patterns corresponding to the different capillary plasma column lengths indicated. The two-dimensional farfield laser intensity distribution pattern for the 34. 5 cm long amplifier is shown as an insert.
